Summary. Using a glucose infusion test insulin responses and insulin sensitivities were studied in 15 gestational diabetic women at 36-40 weeks gestation. In all women intravenous glucose tolerance had returned to normal at six weeks postpartum. Twelve women had a repeat glucose infusion test done 7-24 weeks (mean 17 weeks) postpartum. The results were compared with previously evaluated normal non-pregnant and normal pregnant standards and insulin responses below the normal 15 th percentile were defined as "low". Twelve women had "low" insulin responses in late pregnancy, and six had "low" insulin responses postpartum. The mean insulin sensitivity index of 1.34 _ 1.21 (mean + SD) was significantly higher in the gestational diabetic group during pregnancy compared with a control pregnant group at 0.53 + 0.21 (p < 0.01). The findings in this study support the hypothesis that gestational diabetes may arise in women who are unable to achieve adequate insulinogenic compensation to pregnancy. Increased insulin sensitivity in gestational diabetes may be a compensatory mechanism.
The pathophysiology of gestational diabetes has been related to excessive insulin antagonism by the contrainsulin endocrine factors of pregnancy [1, 2, 3] . Others have postulated that when maternal insulinogenic compensation is inadequate to offset the diminished insulin sensitivity, gestational diabetes may supervene [4, 5] .
Cerasi and co-workers [6] have presented impressive evidence that one of the primary pancreatic defects predisposing to chemical diabetes may be a selective impairment of [3-cell glucoreceptor sensitivity. A "low" peripheral insulin response may be a manifestation of this defect. We have described previously [7] the application of a glucose infusion test (GIT) to groups of non-diabetic women. Diminished sensitivity to endogenous insulin in normal pregnancy was found compared with the non-pregnant state and this was associated with a greater peripheral insulin response. In the present study using similar infusion tests we have investigated the roles of insulinogenic compensation and insulin resistance in gestational diabetes.
Materials and Methods

Patient Selection
Fifteen non-obese (< 85th percentile body weight) [8] gestational diabetic women between 36-40 weeks gestation were recruited. The mean age was 28.0 _+ 4.8 years and the mean percent ideal body weight using the calculated pre-pregnant weight [9] was 100 _+ 8.
In each case the gestational diabetic state was defined by an increment index of the 25 g intravenous glucose tolerance test (IVGTT) [10] below 2.97 during pregnancy, and which had risen to normal (> 2.97) at six weeks postpartum [11] . No women had any other illness and non were receiving any drugs prior to the initial tests. Following the GIT in pregnancy five gestational diabetic women received Chlorpropamide 100 mg per day until delivery. The remainder had no metabolic treatment. None had any dietary or drug treatment postpartum, and none was breast feeding at the time of the GIT.
The study was approved by the Hospital Ethical Committee and each patient gave her informed consent.
Procedures
Each woman had a GIT done during pregnancy 2 to 7 days after the diagnostic IVGTI'. Following a postpartum IVGTT at 6 weeks, 12 of the women undertook a repeat GIT between 7 and 24 weeks (mean 17 weeks) postpartum. Fig. 3 . Summated 90-rain peripheral plasma insulin responses in gestafional diabetic women during pregnancy (n = 15) and postpartum (n = 12). The summated insulin response was derived from peripheral plasma insulin responses using circulating insulin half-life values. The cut-off insulin response levels adopted to define "high" and "low" insulin responders are indicated at 1200 ~tU/ml for pregnant women and 300 ~tU/ml for non-pregnant women. The numbers indicate the same women For the GIT plasma glucose was elevated over 3 min by a loading dose of 400 mg glucose/kg body weight. Thereafter the plasma level was maintained by an adjustable infusion of 20 g/ 100 ml glucose at 260-270 mg/100 ml. The summated peripheral plasma insulin response and insulin sensitivity index (ISI) was estimated over a 90 min test period. Further details of the GIT and laboratory techniques have been described [7] . To provide a more definitive assessment of pancreatic function the individual insulin response results were allocated to a "high" or "low" category. Using the normal 15th percentiles [6] and by reference to similarly derived normal insulin response data [7] these cut-off points were set at 300 ~U/ml and 1200 ~U/ml for the non-pregnant and pregnant states respectively.
In the pregnant groups 5 ml fasting venous samples were withdrawn and plasma was separated and stored at -18~ for later estimation of progesterone, human placental lactogen, and oestradiol 17-ft.
Results are presented as mean _+ SD values. Student's t test of significance was applied throughout. For lognormal distributions this test was applied using the logarithms of the values.
Results
Intravenous Glucose Tolerance
In late pregnancy the mean increment index of the gestational diabetic group was 2.50 (range 1.18 to 2.83). All increment indices had returned to normal at six weeks postpartum (mean 4.20, range 3.08 to 6.97).
Fasting Plasma Glucose and Fasting Plasma Insulin
The mean fasting plasma glucose observed during pregnancy at 76 _+ 9 mg/100 ml was significantly lower than that observed postpartum at 90 _+ 8 mg/ 100 ml (p < 0.01). The mean fasting plasma insulin observed during pregnancy at 13 -+ 3 ~tU/ml was significantly higher than that observed postpartum at 11 _+ 4 ~tU/ml (p < 0.01).
Glucose Infusion Test
The mean plasma glucose levels maintained at infusion in the gestational diabetic group during pregnancy and postpartum are shown in Figure 1 . Each level was maintained at around 260-270 mg/100 ml over the test period. The overall means of the individual mean plasma glucose levels were 268 + 7 mg/ 100 ml for the late pregnancy tests and 269 _+ 7 mg/ 100 ml for the postpartum tests.
Using the cut-off point of 1200 ~tU/ml for pregnancy, 12 of the 15 gestational diabetic women were identified as "low" insulin responders, while 3 (subjects 13, 14, 15) were "high" insulin responders.
Postpartum 6 of the 12 re-tested women were classified as "low" insulin responders by the nonpregnant cut-off point of 300 ~tU/ml. Three (subjects 13, 14, 15) remained "high" insulin responders, and 3 (subjects 5, 10, 12) who were classified as "low" insulin responders during pregnancy were found to be "high" insulin responders postpartum.
The three women who were not re-tested postpartum had the fourth lowest, third lowest, and lowest insulin response results in the total pregnant group; indeed, subject 1 was also classified as "low" by the non-pregnant standard.
Insulin Sensitivity Index
The mean ISI values observed in the diabetic groups are presented in Table 1 . These are compared with similarly derived non-pregnant and pregnant values for non-diabetic women [7] .
In the pregnant state the mean ISI of the gestational diabetic women was found to be significantly greater than the mean ISI of the normal pregnant group. In the non-pregnant state the mean ISI values in the gestational diabetic group and the control group were similar.
In the gestational diabetic group the ISI was significantly greater postpartum than during pregnancy.
Of the 12 gestational diabetic women tested postpartum the six "low" insulin responders had a significantly higher ISI at 4.12 + 1.74 compared with the six "high" insulin responders at 1.92 + 0.62 (p < 0.05).
Plasma Insulin Response
When the incremental plasma insulin values were plotted against time, biphasic plasma insulin response patterns were observed in all subjects. Figure 2 presents the mean incremental plasma insulin responses over 90 min in each group. The mean first and second phase insulin responses were greater in the pregnant group. In both groups the first insulin response phase had occurred within 5 min. The second insulin response phase continued to rise to maximum mean values at 90 min in the pregnant group, and at 80 min in the postpartum group.
Insulin Response Status
The individual summated 90-min insulin responses for the gestational diabetic women during pregnancy and postpartum are presented in Figure 3 .
Correlation Data Analysis
Correlation was sought between increment index and the first phase, second phase, and summated 90-min peripheral plasma insulin responses and also with the insulin sensitivity index. No correlations were significant.
Fasting Plasma Progesterone, Human Placental Lactogen, and Oestradiol 17-[3
In the pregnant gestational diabetic group the mean fasting plasma values for progesterone, human placental lactogen, and oestradiol 17-[3 were respectively 428 + 195 nmol/1, 81 + 14 ~tg/1, and 30.4 + 5.9 ~tg/1. No correlation was found between the fasting levels of these hormones and increment index, first phase, second phase, and summated 90-min insulin responses or ISI.
Discussion
Using a standardised glycaemic stimulus this study provides evidence that gestational diabetes (increment index of the IVGT; < 2.97 during pregnancy and > 2.97 six weeks postpartum) may be associated with a relative deficiency in insulin response. Similar observations using single shot intravenous glucose techniques have been made by Spellacy [13] and Yen and co-workers [14] . These data are consistent with the hypothesis that pregnancy related glucose intolerance may be precipitated in women who are unable to achieve adequate insulinogenic compensation. Furthermore, this study contradicts the alternative hypothesis that insulin antagonism per se is the major factor in gestational diabetes. Indeed, the observed biological sensitivity to endogenous insulin was higher during pregnancy in the gestational diabetic group compared with the control group. In the gestational diabetic women who were re-tested postpartum, in the terms of Cerasi and Luft [12] , the "low" insulin responders demonstrated greater insulin sensitivity compared with the "high" insulin responders. Similar findings have been reported for non-diabetic subjects with "low" insulin responses in the non-pregnant state [15] and during pregnancy [16] . Those authors believed that increased insulin sensitivity may be a compensatory mechanism in "low" insulin responders. The present study suggests that a similar compensatory mechanism, albeit inadequate, may be present in gestational diabetes.
When comparing the mean biphasic insulin response curves with previously presented nondiabetic data [7] there was no evidence of any major delay in the first or second insulin response phases in the diabetic group during pregnancy or postpartum. Furthermore the mean insulin response curves were uniformly lower in both gestational diabetic groups compared with their control groups. These observations suggest that the lower insulin responses may be related to a shift in glucose-insulin dose-response kinetics. Half the women studied were identified as "low" insulin responders during pregnancy and postpartum. Assuming that a postpartum insulin response represents the basal state, gestational diabetes in these women may have been related to "a selective impairment of fi-cell glucoreceptor sensitivity" [6] . These data are also consistent with previous observations [17] that the "low" insulin response may be associated with a limited capacity for insulinogenic compensation during metabolic stress.
A similar fi-cell defect cannot be postulated for the six women who were "high" insulin responders at the time that they were re-tested postpartum. Indeed, their "high" insulin responses could reflect a delayed return to the non-pregnant baseline. These women did have higher insulin responses during pregnancy, but their compensation was apparently inadequate to achieve normal intravenous glucose tolerance.
Specific factors which mediate the metabolic realignments of pregnancy have not been clearly defined. Progesterone, human placental lactogen, and oestradiol are believed to have not only insulinotrophic but also contra-insulin actions [18, 19, 20, 21] . No correlation was found between any of these hormones and increment index, insulin response or insulin sensitivity. The mean fasting values of these hormones in the gestational diabetic group were not significantly different (p > 0.05) from similarly derived mean values in normal pregnant women [7] . These data suggest that none of these hormones has a dominant diabetogenic influence.
The mean fasting plasma glucose levels during pregnancy were similar in the gestational diabetic group to those previously reported for normal pregnant women [7] . This is in agreement with the observations of Sutherland and co-workers [22] . The mean fasting plasma insulin levels were also similar. Compared with the normal non-pregnant data previously reported [7] the gestational diabetic group postpartum had a higher mean fasting plasma glucose level and a lower mean increment index. These differences were significant (p < 0.05) and are consistent with the tendency towards an abnormal metabolic state in these women.
